Crystal structure of the charge-transfer complex 2-(1,2,3,4-tetrahydronaphthalen-1-ylidene)hydrazinecarbothioamidepyrazine-2,3,5,6-tetracarbonitrile (2/1) The reaction of 2-(1,2,3,4-tetrahydronapthalen-1-ylidene)-hydrazinecarbothioamide (TTSC) with pyrazine-2,3,5,6-tetracarbonitrile (tetracyanopyrazine, TCNP) yields the title 2:1 charge-transfer adduct, 2C 11 H 12 N 3 SÁC 6 N 8 . The complete TCNP molecule is generated by a crystallographic inversion centre and the non-aromatic ring in the TTSC molecule adopts an envelope conformation with a methylene C atom as the flap. In the crystal, the thiosemicarbazone molecules are connected through inversion-related pairs of N-HÁ Á ÁS interactions, building a polymeric chain along the b-axis direction. The TCNP molecules are embedded in the structure, forming TTSC-TCNP-TTSC stacks with the aromatic rings of TTSC and the molecular plane of TCNP in a parallel arrangement [centroid-centroid distance = 3.5558 (14) Å ]. Charge-transfer (CT) via -stacking is indicated by a CT band around 550 cm À1 in the single-crystal absorption spectrum.
Related literature
For one of the first reports of the synthesis of thiosemicarbazone derivatives, see: Freund & Schander (1902) . For the crystal structure of tetralone-thiosemicarbazone, see: de Oliveira et al. (20127) . For charge-transfer compounds involving TCNP, see: Rosokha et al. (2004) . Tetracyanopyrazine was obtained by condensation of diiminosuccinonitrile with diaminomaleonitrile according to a literature procedure (Begland et al., 1974) For bond lengths in neat TCNP, see: Rosokha et al. (2009) and for the electronic situation in the TCNP molecule, see: Novoa et al. (2009). 2. Experimental 2.1. Crystal data Table 1 Hydrogen-bond geometry (Å , ).
Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) Àx þ 1; Ày; Àz þ 1.
Data collection: COLLECT (Nonius, 1998); cell refinement: SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO (Otwinowski & Minor, 1997) and SCALEPACK; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010 
S2. Structural commentary
The title compound represents a charge-transfer adduct composite of tetrahydronaphtalene-thiosemicarbazone (TTSC) and the strong electron acceptor pyrazinetetracarbonitrile (tetracyanopyrazine, TCNP) in stoichiometry 2:1 (Fig. 1) .
TTSC has the maximum deviation from the mean plane of the non-H atoms of 0.448 (2) Å for C3, which corresponds to an envelope conformation for the non-aromatic ring. The structure of the thiosemicarbazone derivative is quite similar to the structure reported in the literature (Oliveira et al., 2012) . The molecule shows an E conformation for the atoms about the N1-N2 bond. The torsion angle at the atoms N1, N2, C11 and S1 amounts to 176.4 (2)°, building a slightly distorted planar environment. The molecules are connected through inversion centres via pairs of N1-H···S interactions ( Fig. 2 and Table 1 ) forming a one-dimensional hydrogen-bonded polymer running along the b-axis (Fig. 2) .
The TCNP molecule is essentially planar with the maximum deviation of 0.006 Å from the least squares plane through all atoms. Bond lengths differ less than 0.01 Å to neat TCNP (Rosokha et al. 2009 ). These non-significant differences show that the amount of charge-transfer is comparably small and the electronic situation of the TCNP molecule is mainly unaltered (Novoa et al., 2009 ).
The molecular planes of TTSC and TCNP molecules are parallel and arranged perpendicular to the [101] direction ( The presence of a substantial charge-transfer in the title compound is indicated by the red colour, since the starting materials are light-yellow (TTSC) and colourless (TCNP) (Fig. 5) . Moreover, the crystals are dichroitic and show a colour change in polarized light from red to light-brown.
In the single crystal absorption spectrum, the charge-transfer band is present in the range 500 -650 nm (Fig. 6 ).
Depending on the incident angle of the plane of polarization a distinct change of the charge-transfer band both in intensity and energy is present, explaining the different colours. 
S5. Synthesis and crystallization
The synthesis of 2-(1,2,3,4-tetrahydronaphthalen-1-ylidene)hydrazinecarbothioamide was adapted from a procedure reported over 100 years′ ago (Freund & Schander, 1902) . Tetracyanopyrazine was obtained by condensation of diiminosuccinonitrile with diaminomaleonitrile according to literature (Begland et al., 1974) . The title compound (TTSC) 2 (TCNP) is formed only if an excess of TCNP is present. Solutions of two molar equivalents of TNCP and of one molar equivalent of TTSC in acetonitrile are prepared. On mixing the solutions, no significant colour change is observed.
Slow evaporation of the solvent affords crystals of (TTSC) 2 (TCNP) as thin light-red plates, embedded in a matrix of excess TCNP. Crystals of the title compound had to be separated mechanically.
S6. Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All hydrogen atoms were localized in a difference density Fourier map. Their positions and isotropic displacement parameters were refined.
Figure 1
The two molecular constituents of the title compound with displacement ellipsoids drawn at the 70% probability level.
Symmetry code: (i) 1-x, 1 -y ,-z.
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Figure 2
Molecules of TTSC connected via N-H···S hydrogen bridges to an infinite ribbon. Bond lengths are given in Å.
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Figure 3
The arrangement of the molecules in the structure of the title compound in a perspective view along the b-axis.
Figure 4
Detail of the crystal structure of the title compound (TTSC) 2 TCNP). The TCNP molecules are embedded between two phenyl rings of adjacent TTSC molecules. The shortest distance amounts to C7···C13 iii = 3.233 Å. Symmetry codes: (ii)-
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Figure 5
Photo of crystals of the title compound. The crystals are embedded in unreacted TCNP, which was used in excess. Symmetry codes: (ii) −x+1, −y+1, −z+1; (iii) −x+1, −y, −z+1.
